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v.~llicll, wlIcl  I collil)it)c<i,  Ctit I Rllovv  fw vc.iy  sig,[liflcwll  lllilli~t(lri?atio~l,  aIId  the ]cxlucli(m  of wrc.i~li(  aIId
lKIWC.I  cmvwll]J)tioll in x-lily and p,altlllla-lay  Sp(’dl(w(l])y  Syslcms:

] .  h4elcwric  iodide  (Ilglp)  X-IaY ICZ}IIIOIOCY, which allows  fm tlm fl[st ti]lw  tlm cotm(lucti(m  of tl uly
II(M ttilllc,  hifjl-cmc]~y rcsolutio  Il, ]mllclyo~,cilic  x-Iay fluoltwc.ncc. (X}<l;)  de. ]imtal  amlymr  Systc.llw,
writh  ]mlal Il(’.lCJs  al]jll(mchillg  tll(w  of IHboldtory”  quality cly(l~,cllic.  IIIStI ullw)ts.

? .  ‘1’IIC silic(]]l  aValaIICIIC  ]~llot(xli(dc  (A1’1~), V.’llicll  is a s(lli~l-sta[c  li[’,llt  sulsitivc  d(.vic.c  wit}] illtcI[,al
~lllldlfl  C~tloIl, C~J)d)]C.  Of ~lll](lldy  IL’]j]d~ill~, ~}1~. v~~(llllll  ll]l(Jf(JIllllltll)llC.I  tLll)L:  ill  s~lll~illtiti{)ll  flalllIlla-rdy

sj)cAIIc)lIIL.lL,I  a])j)licalioi)s, aIId  oflc[ill~ sul)slalll ial illll)lo~’c.ll)c.llts  ill sin., I kl~, ~Ldll C.SS, ](W l) OV.’L.1

()])rl:lti()ll  aiId crimp, y Jcsolulioll.

3. Milliatuli7f41  (}lytuidi7ti41)  low’ Iloisc,  I(NJ ]Jovm allll}lif]catioll  aII(l  ]}l(wssill~  clwl](ulics,  wllicll  t a k e
~ull fi(l\’aIIl:Ip,(’ of tlIL fav~)lfil)lc.  JIloJx’1  lic.s  of tllcsc lIcv.’  SCII*OIS  alId allow”  f(II tlw dt.si~,ll aII(l  ftilII  iuatioll  0[
d[]\VIll(’(Xl,  ]l]~]l]y  ]111 Ili~t  LIIi?L’d X-id)’  ~11(] ~HllllllWYti J’ SJ)C4’(IOSL’O1)Y”  SYS((IIIS.

“I’l  Ic. ])}I])uI also l~lt’scllls  cx]willlcllt:~l  Icslllts alI(l  cxal  IIl)l(s of S}wcllollktlic  syslcIIIs  CUIILXItly  uII(lcI
colls(rLlcli(H1. ‘1’llC  dill’~(i(MIS f(M fll~~ll(’.  CIU.\’L’.]()])l  ll(’.ll[S  ~il,’.  (11 S(’ll SSLd.

Alri culic iodide (llgl~)  technology:
A4crulllic  i(~didu  (1 lfIl?) occuIs  it) l\\’() Ill:{ill  ]JIIaws, t(:lIaf:(MIal  alJJIa-ll[!l~  aIId ollho~l)orld)ic”  l)ctti 11[:1?.
‘1’IIc tdla~,(]ll:il  sll  JIa-1  I&l? is S(al)le  at 100111”  tulqmldtLllc  atId  uIIdcffyKs  H lcwIsitJlc Ilarwitiot]  10 tlm
olll~(~l]i(jllll]ic  ])]Iaw’.  at a~mIl  ]~($)~.  Al~)l Ia-llp,l?  sin~lc  cIyslals  uwtilly ~IL”.  ~,ro\\’11  c’ilhcI  by ]hysicfil
V:i]Kll  lItill  S]l(ll( at tClllJK3~(UlL’.  S ill  t]lC. lti[l~,~ Of ](~) ] ]5(’(’ [ ] ], (J1 ill so]lltlo  Il” iit ?S{)[’  by d(’~OIllJ)]CXlllfl  Of
(lilllc.tl  lyls  Lllf(lAi  Clc.-l  1X1?  colllj~lcxcs  12]. C’IySl:lls  ~,I(wlI floll] tllc Va]lol  alr (haltidcv i7A  by Mtr.1  dIalf.C
lIaIIs}IOIl  ])lojw~liw  [3]. ‘1’alIlc 1 lists sdcctcd },l(l]]ci(ir.s  of 1 I&l?  cIysldls. “J’llc  Cllllcl]t, IIIOS1 wi(lcly
iIsc41 va]K)I  -p, I(wtlI lcclltli(]uc  was  illtloduccd  I)y Scl Io17.  141,  alI(l  sul  Is(’4]Llcl  Itly Ill(difld  by diflclcml
lal  KMat(N ics [ 1,51. Allothc.r  IIIc.tlm(l,  also USL’41,  is tlw. p,](nvtll  of IIEI? l)lat(:lc[  cIystals  by JK)ly  III(. I-
assis(c41  \’aJx)l  trdllS]KHl  [6,’/]. “1’IIc lattu]  IIIdlI(d yidds ]clfitivdy  sIIIall  sizc41  sitl~lc cIystals.

l’Ji(n to dc.twtol  fallIiCfitiOll,  llIC a+p,l(wvII  Clystdls  aIG sa\vc41 illt(l  slicxx, }mlisld,  arid  tlm) dc}w41  ill  m
a(jumus solutio]l” of K1. 10 WIIWIC.  S aIc. dqmsitc41  OII1O lmth  side.s of 8 slice. of 11p,12  si]lglc.  c~ys[fil.  I;(M  x-

Iay al}plicati(~rls,  uwal]y l)filli{diLl]ll  of 100-200  A IIlickllc.ss  is UW41 a\ tilt.  clw IIcKIc. Ilmtc.rial.  A ~, LIa Id
lillp,  slim’tIIIc is c’IIIl)](IyL’d  ill  OILICI [(I Icdu’c.  Slllfw’c  ]cakap,c.  CLIIICIII  HII(l iltlJljo\Jc.  t]w c]cx’tIic flc]d
distl  il)ulioll  ill tlw adivc.  ]):11 I of IIIC. drlcdot. “1’k  uliil  is t}l(>])  llmuIltr41  (MII()  a cc.Ialllic  sLIl,st  Iatc. f(ll
Il}c..cll:+l)ical  su]JjI(II1. ‘] ’lIL..  Slllf8L’(,.  Of t]lC. (]L.[C4’101  IS ]J;l<Si\~[(’<1  ~l!d  ]JI(ll(.<(t,41  flOlll  llIC Cll\Jilo[llll  C’Ilt I)y ~
vc.~y tllirl  (1-3 }1111)  I)l:{<lic cIIcal Isula  II1. ‘1’lIc lJlli(ul (’alhi(lc  l’dIylLv  Ir. pI(Kwss }Ias lWNI  a(loj)lc41  foI this

]k’k’<l(lIS  ~11 I)lo(]llcd Ill (llff  C. IL:llt  s]l~ll~.s  and si~fls, ldll~,lll[) flo[ll H fC.v.’  1111112  \lJl  to sC\’CIdl::::))OSC.
‘1’c4}1111qLl(:s  lIa\~c.  iI[.crI (lc.\cl(>jw41  to fal)ricatc  cillm  sil]p,lc.  or ]I)(llti])lc  detectors [III tlIc sa]IIc cI)’s(al

dic(’..  ] [1  ~(l(li(ioll,  II1OIC..  L’O1ll  J}l(..~,  llllllti~.l[.l) 1(..llt dCt  C4’[OIS  ]lfi\’L. 1)~~.11 d~.si~,ll(.d ill t}l~ follll of sl!~)lll(d(il(:s
tlltit (’all k ~~,~lL’~,dld  ]11(() ]flI~,L’.  ]IIIM1 0 1  Ill’(l  (]1111<’llSiollfil ~tl ldyS. A tyl)ic.al  dctcd(~l  lcaka~c  CUI Icmt is

2 at  10011)  tcxlll)cvatulc, d(clxm(li]l~  ml ttl(: slxcific  clystal and  al,l)lid  I,iasin tlIc rallp,c.  of 0.08  -(). S pA/111111
\’ol[H~,C.  ] ]l~]l-C.ll~l~ y-l  L’.S()]Ll[i()ll  (k(id(HS  fllL~  (’011S[1  llL’ld  to C. X}litl]( (11~. ]()~’(%t  d(’4’[Iolli(”  IIO]SC f ind  t]lC.



III SUIIIIIIary,  it IIas kII fould (lIat  1 If]? ])cmstsscs  a IIIIIIIl)CI of ],lc~lwlitx t}Iat ns+kc  it vuy at[ladivu.  for
IWIII tc.Ilpldmc.  x-IHy  dc.kdms  tltal  aIL  calwl~lc  01 Iiiyll  CIICIP,Y  Icsollltiorl.
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A vcrlanchc  photodio(k  (A i’])) tt-cl)nology:
‘J’llc 1110s1 C(I1l  II IIOII “ICaC]l. t}lJOLl~,}l” AI’lJ st[il(’tlllc was illtr<dm’c4!  t)y ]<,]. hlC]lllilt!  OVC1  lv.’o  dcci{&’.s  a~o
[ 11 J, atd kviccs based U]WII  it lIavc.  tkw, ]JIcdLKd  siJicc tl,c[,  ill I,laJ,y  Wl,,l,wlcitil coJi,Jmllic.s.  ‘1’llis
stnJctu[c. allows cmc.  to fichic.w  ldiablc.  riIId hip,}]  ]m fm Illat)ce.  dcvicws  with lJscful  IJlkl[lal  :aiJ1. ‘I’l KW

dcviccs lIrJvc  found  many aJ)l>lications,  iJwludillf,  tlmsc  ill SII(IJ [ uwvc.lc.II~(h  c{Jllllllllllicatic)Jls.  ]Iowcvcl,
dLIC.  to tJlci  I SIIMII  ac.{ivc.  aIc<is (Iilllikd  to OIIly  a fc.~i~ s(l~liil~  lllillilit~..ls, fit  IllOSt ), tlIC.y  lIC.VC.J OffC.J Cd aJly
rc-al collllmtitioll  to l’h4’1’s  in a wide. IaII~,c.  of a])ldicatimts.

]@’CIl[ly,  thl~h,  JIC.WM  ]aJ~C aJL’4  aVtl{211C]lC.  }l]lOtOdiOdCS  ]I:{VC tKXWJllC  aVRilatJ]C.  [ ]?, 1 ~j. ‘] ’hCSd llcU’Cl
A1’l)s alc krscd  LIJKMI a Cmlstructio]l  w~lic]i  lltili7.M  a llipjlly  lllJifoI  III, llC.LltJOIl-tta  JISllllItatioIl.  C](JJ~C4]”
silicoI),  t}ius  allow~i Jl~ foJ thC. foI1llatioJl  of a lalfw  ale,.a, LlllifoJI  ll. jtlllctioJl.  ” llJcakdO\\’11  #t tllC. jlJrlctiOll
J,c.Ii]dwIy is ])lcvulted,  cvcJI w,it}l  very IIiplt  clwtJ  ic fldds,  by ]Jllysicdlly  Iw.vdillg  the. c41gcs  of tllc dimlr,
aIId  by slxzially  tlcating the e41g,c  [ 1 3]. ‘1’his  tczh Tmlof:y  J1OW of(cvs  A}’Jk with dinnmtcm  IIILJCII lal~cr
IIIaII  0.5 i])., c.al)ablc  of ope.IaliJl&  at voltfif,w  iJl ckccss  of? kV. A1’l)s of ?00 1111112  aIca haw  tyJlicril
suI[fic.c daik  CIIJIC.IIIS of ?00 IIA, aljd lILI]k  daIk  CNIIC.II(S  of ]c.ss t]IaII  (). S IIA. ‘I’l Ic. JHI~c. rIJca A]’l)s CfiJl
o]]clatc  with pains Up to 1,000. ‘J’hc paraltlctcl  kcff, wllicll  dctcllllitw.$  tk ]wise  ]KMfO1l  Jla!lCC.  at hipll
f::till  [ ] ] 1, iS tJ],J)JOXi  IllatC.]y  ().()()] 5, C(Mll}Jal  C41  to ().()()~~ qLK)tC4i  foJ t}lC.  }Wt “JMC}l-t}ll  OU@”  St INCtLllcs.
‘I’l Ic. tyl)ical  qua;ltLJlll  cf(icicJlcy  of Clll  IC,.111  dfcb’ices is ‘/(J-85% iJl the 550 l(KKI  IIJII lirrIg,c  of JI]lOkMl



AI iniotuj-iztd A rnjdific(ltior)  (IIMI I’loccs.ving IIIQc(I onic~:
“]hC. d(doj)lll~llt  of ]Ilillia(lll  i~A’d,  ]OW IloiSL’,  ]()\k’ ])(l\\’U ~lll])]lflC~(ioll  f i n d  ]) IOCCSSill~  d(’dlolli(% allo\\’S

OIIC.  t{) t:lkt> f~l!i a(h>allta~t!  O f  til C. ll(..UJ  S([1S01> Hll(!  !() dC\do[) }li~,}l]y COIIIJXK’( SJIC<hoSCOJ)y”  SyStL’lllS. } ]~]~

systclIIs  I)cvlcf;t lIIuc}I 11101(: slIol)p,ly I)y llIc llw of tlyl)Ii(lizcd  clwt IO1lics  t} IrrII d(I (}IC. bulky Sill  .i] or (ic
cjyo~cllicdlly  coolcxl  sys[c.IIIs, wllicll Itxluilc l]quid  ]lill~]fcrl  irtld IIif!,ll  vircuul II ojmatio]l.  ” WC. IIavr.

twt[c.e.l)llate41  oul Cffol 1 s  t o w ’ a i d s  tlm dc.\’clo]IIIItIIt  of IIip,ll  ]Wrfkllllallcc.  clccllmlics  fw Slmcc. a]q~licfi(ioIls
arid  syIdIlotro  II ladia(iotl  H])l]lic.alimls.

a) ]’rwillip]ifiers
A  J)lllsc4]-]i:lit  fv<41tmck  J, Ic.a IllJ)]ifit’.l  }IHS I)M’JI  co11str11ctc41  Usinp hyblid  tCJ}lTli(lllC.S  ill ri shrII(Iatd ?~])ill,

dual -in-lilm  pack~pc.  (l}ll]). ‘1’hc  ]ucaIlllJli{lcl lIrts  IWII tcstd with  1Jg17  x-Itiy  dckzkm,  rid tlw.
C.l@lollic  Ilois C. ]t\\)C]  of t}l C sys(t’.lll  \\l~s  lllL’~~(lrLd  at t)c]ow ?() d(’~tIolls 1111$ []dl (it ]? }Ls s}la])ill~  tilll~.,
])owcI coIlsLllllj)tiI)Il  w,as  ? 7 0  IIIM~. }<c.ccIIlly,  a 11[.ur [lc.si~,Il  was itllJ)lc.]lwltc.41  V.’llicll allow’s  fO1  IIIU ft]l [II(I
lv41uctioIl  of ]m\vul collsullll)tioll  d(wII to almu( 85 II I\V, u,itlloLlt  any  dclcIioIirtiori”  iri IIoisc
cllalirclcvis[ics. ‘1’lIc cilc[iit  i s  ], Iq)a IL41 foI llyl,lid)ziitiotl  ill a J4 J,ill  dual-iTl-lirw  lMchr~,c  (().79’  x  ().4’/”)
tilld  will wci~,ll  almul  4 ~Ial II\.

l)) AmJJlif’icm
A  llitill~,ulrir  sllar)ill~  alllplificr,  illclu(litlr  a wJfir,-al(mrd  Iwsc.litlc  ~t’slmcl, Colll])lltc.1  COrltrollcd  flrlu all(l
coaIsv. g,aitls, aII(l cOIIIjI\It<,.I sclcctal~lc.  s}lal]illf,,  Iiliws, lIa*  1)C4..1I dc.vt.lolW41 alId lIyl,l  i(li2c41 it, a 50-], ill 1 )1}’

]Iacka~,c  (1 .5’’ X2. (I”). ‘1’lic.  lolal ]x)\\,c.I  c(,ljs~ltllj,ti(]ti  c)f tllc.  allll,lific.I  is alx~ut ?.(I W’. ‘1’lIc  atIll,liflci CaII
V,’olk  ill  coll,julictioll  W’itli  a lccc.IItly [lL\(l{I]Icxl  ]]ilc-llr~  IL;jc41cII  (I> LI1<))  v,dlic}l  lIas  alsc~  lKxvI  llylljicliz~d  ill
a SC.l)aldk  ?. ] “X().!)”  JIW’ka~,C. ‘J’IIcsc. c]lcuits  ~’U.l L’. tcstt’4i  with ] lp,l? ddcd(m  for Coutlt  Iatc.s Of IIJI to ‘/5
kc]m,  aIId Sl]owd  ])() ],]aclical diflcl(llccs  v.’illl  full  sizr41 c{)llllllcIcial spcctlosc.o])y H[lll)liflc.fs  fit llIC
S(,](.c((<l  S]laJ)ill~,  titll~.s. ‘1’f,c. (Idails  of (IK d,.sip,l,  al,d tc..\[il,~,  ]lIoc.c41LIrLs.s  rrIc ~,ivcl, clsmvlw.lc  [ 151.

l;O1  Slmcc  a]~],licriliww, tlIc. allll)lificatiml  cil Lwil CaII often k sinlj]liflcd by using  oIIly single Set(illgs  fm
tl]c,  Saill  aIId sl)ar)illf!  tillw. Also, }~ilc.-~ll)  lc.lc41i(JIl  clcct[oliics  G+II [m c.]iljli!latcd  foI ]ow~ COllllt  Iittc
cx]mirlmtlts. OLI!  ])lc.suit eff(~l( irl Collabordlioll”  wi(h  tllc. Urlivc.jsity  of (lllica~o,  f(u c.xfirllJ]lc,  is
c(11mvltIatc41  OII suc}I H dc.sipll, wllic}l  Imsidc..  s  tlIc. alllr~liflctitiml  atd sha])ing  cilctlitry  illvolvc..s  a I)asclirlc.
lL~St(Jlc:I,  a JW~k dc.tcctoI  aIId  a saIII1)]c-aII(l-}I(Jl(l  circuit. ‘1’hc  p(wc.I Consull]ptioll  of this dc.sigll  is alwut
15(1  IIlw,  atld  it cat) I)c llyl)Ji[li7kd  ii) a 16 ],ill  1)1}’ (().89  ”x0.47”)  ]mckri~c..

c) IDlwe.ssing  clcct  I (Illics
A  quad si]l~,lc  cllarlllcl  aIIalyw  ((]-S(~A)  that  }Ias  f(ml illdclwdcxlt  S~.As, caclI followxl  I}y ?4 t~it  scalms,
IIas Ixx]l dcvclojd  rirld  llyl,Iidi7c41  iIl a 1 .5’x3.  ()” ],ackafic. “1’hc circuit is lmilt  to bc illlcI  faced w’itll  a
collq~~llcr  t}lal call  Iw USC(I  t<) set t}lc tlllcslmld  lc.vds  of tlK S(’AS,  aIId ]) Iovidc. for tlIc.  Icxr(loNt of SCHICI

Colllmlls. ‘1’01:{1  ])(IV.IC.I (Iissil)atio[l  is OIIly 0.8 w. A rll{)lc,.  dcktil(41  dc.wliptioll  of tlIc dc.si~ll  is ~i~,cll
Clst’w’lle.]c  [ 15].

l;OI lIltilIy  a],j)licati(ms, a rl)illiritllli71,.d  low ]x)v.cI  IIlllllicllrillricl  a!lalyyfir  is II IuclI Illorc dc.sirtil)lc  tllatl  a
sclic.s  of S(UAS.  ‘1’JILIC  is aII acti\~c  cf[oJ(  illvolvill~,  IIIC. Utiivcisity of Olicri:,o  aIId  lIIc. hfax l’laIIck
]rdilotc to C(>IISIILIC1  SUC]I  ]Jlt)cc.ssil,p  c.lczlIOI,ics,  irlcltlcliti~,  tl,c. Al)(; al,d  riw(,r(c41  l,ml,~oIic.s,  (Iigita]
si~Ilal  ]~rcwc.ss(lrs  aIIcl ill(o  face.s. IIy Ilsilip, a l(w ]mwLI , s~lc.cc.ssi  vc.-aJ]]jr  tJxillltiti(~:l  12  [lit  AIJC’ (A IItil(Ip
]kwicc.s  A1)7878),  aIId  by coll]l,iltillp,  3 cllalit,cls  (tt,us cffc<livdy  ]ducil,~  it 10 a 9 hit syslc]ll),  a]id



f“rII;illy  I)y i]ic{,ljlc)latill~,  (;at[i  ct)jlwliotls  [ 16], it wtis  Imssil)lc  to (Jlltaill  dif”fcIcIltifil  llcnllilw~ritics  Idmv
1%’.

livj)criltlcfillll  i:c.wlt.v:

l;ip, ulc 1 slI{nvs  a Cl] fildctcrislic  x-l Hy sIxx41  UIII fm Cq)jw takcII with H 1 l~,l? sl)cct IOIIIc.lel  oj)cxatillf: as ~n

illlc..p,lal  j):IIt (Ii tlIc Scalllii])g  I;l(.CIIOII  lvliclosu)lm  HIICI l’alliclc  Alialyzt.1  (S1l NJ I’A) ]IIC)lt)ty]K  irwlr(llll(’.llt.
‘1’lic  cl)a]  fictc)  islic x-rays wuc cxcitd  I)y e.lwhol)s. ‘J’JIc. s]wd]  LIIi  I S}I(M’S  w’di  sc.jx+rald  ~’u Kcr rLIId  ~-u K

(~ lillcs at 8.() aIId 8.9  kcV, writ}l  arI  cIIcJg,y Icsolulioll of ?] 8cV (l; \l’llhf)  (al tlIc. 8.() kcV ]wak).  A l s o

s}lo\vIl  alt, 01 1, lillcs (I .(,, I .[{ at 9?8, 94SCV, 1{..qwlivdy)  c.xllil)ililt~  190L’V  ( l; WJIM)  cIIcl~,y
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